Introduction: Games involving technology have the potential to enhance hand-eye coordination and decision-making skills. As a result, game characteristics have been applied to education and training, where they are known as serious games. There is an increase in the volume of literature on serious games in healthcare education; however, evidence on their impact is still ambiguous.
| INTRODUC TI ON
Twenty-first-century students currently spend a significant amount of time on video games. [1] [2] [3] By employing advanced technologies, video games can create an immersive and engaging environment for players. Concerns on how long children should spend on gaming activity as well as concerns about their content (for instance violence) have been raised. Additionally, users are able to play video games anywhere and anytime due to the availability of various gaming platforms. In education, video games can create an interactive learning environment. 3 When playing a game, learners need to make decisions on how to achieve a game goal, but usually they are not able to complete a game task with the first attempt. Following failure, they need to reconsider their strategies in order to complete the game; this learning process is known as the role of failure. 4 Therefore, students have the potential to learn in the interactive environment of video games.
Games also have the potential to enhance hand-eye coordination and decision-making skills. [5] [6] [7] The concept of gaming has been applied to education and training, rather than merely for entertainment purposes, resulting in what is known as "serious games." Compared with traditional approaches, they can create interactive learning environments, which can engage learners to improve their knowledge or skills increasing motivation. [8] [9] [10] This approach consequently has been applied to education and training in various fields, such as the military, engineering, computing, health and education. 11, 12 In healthcare education, research in medical and nursing education found positive attitudes of students towards computer games and technology-enhanced learning. 13, 14 Therefore, serious games should be an option in education and training for healthcare professionals and students.
Given the significance of this emerging area of dental education, it is important to systematically review the wider healthcare literature as well as looking at dentistry in particular. Consequently, the aims of this study were 1. to identify high-quality evidence (systematic reviews or meta-analyses) regarding the impact of serious games on healthcare education; and 2. to explore empirical evidence (with any level of quality) regarding impact of serious games on dental education.
| ME THODS

| Stage 1: Serious games in healthcare education
| Study design
This stage employed a rapid review methodology to synthesise the evidence from articles that focused on serious games in healthcare education. A rapid review, conceptualised by Khangura et al, 15 is a technique for synthesis of evidence for a comprehensive or systematic search of the literature, but it requires a shorter time frame, compared with traditional systematic approaches. This approach gives priority to evidence from systematic reviews. 
| Criteria for including articles in this stage
Articles were included if they were systematic reviews and/ or meta-analyses and evaluated outcomes of serious games in healthcare education, designed for learning and training of undergraduate or postgraduate students or qualified professionals in healthcare areas (involving patient care) from individual level to population level. The rapid review excluded systematic reviews relevant to the impact of video game use or video game experience on healthcare education. If an included systematic review evaluated impact of both serious games and video games, only the outcomes of serious games would be considered. The outcomes of the investigation were categorised according to knowledge gain, skill development, attitude improvement towards learning topics and satisfaction with the use of serious games. Inclusion and exclusion criteria are summarised in Table 1 .
| Search methods
The search terms were refined based on literature review, medical subject headings (MeSH), group discussions and iterative searches ( Table 1 ). The search was performed by one researcher (KS) 
| Data extraction
The information extracted from each article included author, year, aims of studies reviewed, type of interventions, methods of studies included, results, authors' conclusion and quality of each systematic review (Table 2 ).
| Quality appraisal
The quality of each systematic review was assessed using the AMSTAR checklist 16 as "high" if it achieved a score between 8 and 11, "moderate" if it achieved a score between 5 and 7, and "low" if it achieved a score between 0 and 4. The information extracted from each study included author, year, aims, characteristics of interventions, methods, results, authors' conclusion and quality of each study (Table 3) . To assess the quality of included studies, the Medical Education Research Study Quality Instrument (MERQSI) was employed, which is an instrument for measuring "the quality of experimental, quasi-experimental, and TA B L E 1 Search terms as well as inclusion and exclusion criteria for reviews of serious games in healthcare education and in dental education
Stage 1: Serious games in healthcare education
Search terms
Intervention "Serious gam*," "Educational gam*," "Training gam*," "Video gam*," Videogam,* Gaming, Gamification, "Game-based learning," "Game based learning," "Online gam*," "On-line gam*," "On line gam*," "Web-based gam*," "Web based gam*," "Play and playthings," "Games, Experimental," "Games, Recreational"
Field
Healthcare, "Health care," Medic*, Dental, Dentist*, Nurs*, Pharmac*, Clinic*, Physician*, "Public Health"
Type of study "Systematic review*," "Meta ana*," "Meta-ana*"
Inclusion criteria Exclusion criteria
• Systematic reviews and/or meta-analyses of articles:
o Studying serious games in healthcare education, designed for purposes of learning and training for students or qualified professionals 
Search terms
Intervention "Serious gam*," "Educational gam*," "Training gam*," "Video gam*," Videogam*, Gaming, Gamification, "Game-based learning," "Game based learning," "Online gam*," "On-line gam*," "On line gam*," "Web-based gam*," "Web based gam*," "Play and playthings," "Games, Experimental," "Games, Recreational" 
Field
Knowledge improvement
One study reported no statistically significant difference between the intervention and control groups.
Attitude improvement
Seven studies found no significant difference between the intervention and control groups in attitude change One study did not report whether the difference in attitude change between two groups was significant. However, there was significant difference of positive attitude change between before and after in intervention group, and score in this group was higher than control group Satisfaction Two studies evaluating this outcome found high levels of satisfaction 
• Feedback
Debriefing contributes to meaningful connections between the gaming experience and the real world Satisfaction
• Competitive element
The competitive element of a serious game improves the engagement with training through simulation
• Entertainment
Having fun attracts and holds players' attention on the video game. Sustained exposure leads to improved performance and behavioural change 
Knowledge improvement
First study • There was a statistically significant difference in knowledge retention in the game group compared with the control group (P = .02) Second study
• There was no difference between two groups on both knowledge tests Satisfaction
• Statistically significant higher proportions of participants in the game-based group agreed that:
• The event was enjoyable • Their attention was high throughout the event 2nd-year dental students n (Total) = 55 n (Test) = 30 n (Control) = 25
There was a significant difference between the pre-and post-assessments within both groups Satisfaction The initial search across ten databases identified 483 articles. After removal of 238 duplicate papers, titles and abstracts of 245 items were reviewed to assess whether these were systematic reviews and relevant to serious games for training or educating healthcare students or professionals. Based on the information provided in titles and abstracts, 225 articles were excluded, 20 papers were accessed in full text, of which 11 were excluded following further review: two were not available in English; one was not a systematic review; three were protocols of systematic reviews; one was an older version with a recent update; two did not contain findings on the impact of serious games; one systematic review did not focus only on serious games but included simulations/virtual reality studies, without identifying in the outcomes which was which; and one article reviewed serious games for health improvement rather than training or education. Consequently, a total of nine systematic reviews were included. This information is presented in a PRISMA flow diagram (Figure 1 ).
| Quality of the literature
Four systematic reviews were of "high" quality based on the AMSTAR scoring system, 21-24 three of "moderate" [25] [26] [27] and two of "low" quality. 28, 29 Most common missing scores were for "a priori design" and "assessment of publication bias." According to the AMSTAR checklists, a review should define a research question and inclusion criteria before conducting the review, and publication bias should be assessed including a combination of graphical aids and/or statistical tests. 
| Overview of the included systematic reviews
All systematic reviews aimed to review the use of serious games for healthcare professionals. However, four reviews focused on serious games for particular fields in healthcare education, for example for mental health education, 21 medical education 22, 26 or for geriatric medicine. 23 From included studies, whilst three of the reviews included only computer-based serious games, [26] [27] [28] five included only non-computer-based serious games, for example card games, board games or interactive team quizzes, and one included both computer-based and non-computer-based formats. 22 Of the nine papers included, four systematic reviews included only experimental studies, of which three included only randomised control trials (RCTs), whilst one included controlled parallel-arm clinical trials (CCTs) in addition to RCTs; the others included different types of study designs.
| Outcomes of serious games
Assessed outcomes included knowledge improvement, knowledge retention, skills development, attitude improvement towards the subject of the game and positive attitudes towards the use of serious games.
Knowledge improvement and retention
Knowledge improvement was the most common outcome, [21] [22] [23] [24] [25] 29 especially in the systematic reviews that included RCTs, comparing serious games and traditional approaches or no intervention. This outcome was evaluated using post-knowledge assessment or both pre-and post-knowledge assessment. The post-interaction assessment was immediate or delayed assessment (for instance after 3 or 6 months) and was used to evaluate knowledge improvement and knowledge retention.
No consistent outcome of knowledge improvement was reported in the systematic reviews. For example, Bhoopathi and Sheoran 21 found that the average post-test score was higher in the game group; in addition, in the review of Akl et al, 22 three studies supported the claim that games had positive effect over traditional approaches or no intervention, but one study in this review reported no difference between the two groups, and the post-test score was higher than the pre-test score in both groups. Likewise, two systematic reviews suggested there was no difference between the two groups. 23 , 24 Abdulmajed et al 29 reviewed the use of table-top games and reported that knowledge improvement was found, also suggesting that one strength of educational games over traditional teaching approaches was to create interactive learning by providing immediate feedback to students and tutors, allowing them to explore how much students understood. Blakely et al 25 also reported that evidence of knowledge improvement was not consistent in their systematic review. In conclusion, despite the inconsistency of evidence to support the effectiveness of serious games over traditional learning approaches, serious games had a positive effect on knowledge improvement, supported by three reviews of mix quality evidence. 21, 25, 29 Two systematic reviews reported an outcome of knowledge retention. Akl et al 24 reported that one study demonstrated that knowledge retention in the game group was significantly enhanced in relation to the control group. This finding was in accordance with four studies included in the review of Blakely et al 25 ; however, three studies included in Blakely et al 25 reported that there was no significant difference between the two groups. Similar to the knowledge improvement, evidence to support this argument was inconsistent, but it could be suggested that serious games seemed to be effective in terms of knowledge retention, at least at the same level as traditional learning approaches, according to two reviews, of which one is high quality 24 and one is moderate quality. 25 
Skills development
Only two systematic reviews investigated the use of serious games for training in medical skills, and studies of simulations were excluded. The aim of the first study was to review serious games for training professionals in the medical and the surgical fields. 26 Graafland et al 26 
Attitude improvement towards learning topics
Two reviews found attitude improvement after completing the games. In the review of Alfarah et al, 23 none of the eight included studies found significant differences in attitude improvement between the test and control groups. Although one of those reviews reported significant attitude improvement and attitude score was higher in the intervention group, this review did not report whether there was statistically significant difference between two groups.
Akl et al 22 also included one study reporting that attitudes towards confidence to deal with handicapped children were not different amongst game group, traditional approach and no intervention.
Therefore, it can be concluded that serious games were as effective as traditional learning approaches, as supported by two reviews of high quality.
22,23
Positive attitudes towards the use of serious games
More than a half of included systematic reviews evaluated satisfaction with the games. In the review of Blakely et al, 25 nine studies evaluated this outcome, using questionnaires as the most common technique. It seemed that there was a positive effect of serious games in terms of enjoyment, although one study reported negative written feedback. Learners were motivated and reinforced to learn through the aspects of fun and competition of serious games. 25 Akl et al 22 included one study reporting the satisfaction ratings were higher in the game group compared to the group that attended a traditional teaching session. Alfarah et al 23 evaluated this outcome and found high levels of satisfaction amongst participants. Akl et al 24 reviewed the use of serious games for qualified healthcare professionals and found that the game-based group had higher proportions of participants, compared to the control group, who agreed that they enjoyed the event, demonstrated high level of attention throughout the event and would register for this kind of event again in future. Elements of serious games to engage players could be entertainment and competition. 28 Compared with traditional learning approaches, learners seemed to be more satisfied with serious games, and this outcome could be considered as the main strength of game-based learning, derived from five reviews, of which three are high, [22] [23] [24] one moderate 25 and one low quality. 28 
| Limitations of serious game use in healthcare education
In the review conducted by Graafland et al, 26 there was a discussion of the limitations of serious games, requiring high development costs. As serious games had supported healthcare professionals to provide better patient care with minimal error, insurance companies could have a key role in supporting the game development. The review also recommended that there should be development of a basic game structure, where content could be uploaded by different departments. This would promote a wide use of serious games with low additional development costs.
| Stage 2:
The use of serious games in dental education
| Literature identified
The initial search across ten databases identified 496 articles. After removal of 268 duplicates, titles and abstracts of 228 items were reviewed to identify whether they were relevant to the use of serious games for training or educating dental students or professionals.
Based on information provided in titles and abstracts, 203 articles were excluded based on the exclusion criteria. This process resulted in 26 articles to be accessed in full text, of which 24 were excluded following further review: three were abstracts only; four were not describing details of any serious game; three were not relevant to serious games; six were studies of non-computer-based serious games; two examined interventions which were not considered serious games; two studied serious games which were not specific to dental learners; and one did not present the impact of the serious games. Consequently, only two empirical studies were included in the analysis. This information is presented in a PRISMA flow diagram ( Figure 2 ). 
| Quality of the literature
The two included papers were appraised using MERQSI and assessed as moderate quality (Table 3) .
| Overview of the literature
Both included studies evaluated serious games amongst pre-clinical undergraduate dental students. The first, by Amer et al, 30 involved a serious game for teaching dentine bonding to first-year dental students, which constitutes basic knowledge for composite resin filling in operative dentistry. The second, by Hannig et al, 31 assessed Skills-O-Mat, a serious game for training in mixing alginate for dental impression, which is a mandatory skill for dental care, the participants being second-year dental students.
Both studies were performed using randomised control trials, comparing between serious games (test group) and traditional learning style (control group). The usability questionnaire was provided after the use of serious games in both studies. Moreover, both studies assessed the serious games using pre-and post-evaluation questionnaires. Amer et al 30 assigned knowledge tests, whereas self-evaluation questionnaires were used by Hannig et al. 31 In addition, Amer et al 30 assigned a dentine bonding exercise to assess students' performance, requiring all students to bond a composite resin to extracted human teeth.
| Outcomes of serious games
Knowledge and skill improvement
In the dentine bonding study, 29 students' knowledge was evaluated before and after completing the game or watching a traditional video tutorial; the study reported no significant differences between the experimental and control groups in the scores of pre-test, post-test and distribution difference scores. There were no significant differences reported between the pre-test and posttest scores; however, it was reported that the means of post-test scores increased by 2.07 and 1.54 (10 in total) in the control and game groups, respectively. In addition, a practical examination was conducted to evaluate knowledge and performance of students. The examination was not a procedure in clinical or simulation-based environment, but students were required to bond a button of composite resin to dentine of an extracted human tooth, whose shear bond strength was assessed using a shear bond tester. The study found no significant difference between the two groups.
Instead of knowledge tests, Hannig et al 31 assigned self-report evaluation tests (pre-and post-evaluations), assessing whether the learning process was supported by the game, and found that the postevaluation was significantly better than the pre-evaluation in both control and experimental groups. They also found that the students from the game group learned more than the students in the control group. The score of the pre-test was higher in the control group, compared with the experimental group (except for one question), but the post-test scores were not much different between two groups, which were close to the top of the scale. However, no statistical test of the score improvements (difference between pre-and post-evaluations) was reported between the experimental and control groups.
Overall, two studies of moderate quality suggest that serious games are potentially effective learning tools for dental education.
According to the included studies, there is evidence that students can gain knowledge or confidence in the subject areas, learnt from the games, at least at the same level when using traditional learning approaches.
Satisfaction in the use of serious games
The students who participated in game groups from both studies were asked to complete feedback questionnaires after game completion. According to the study of Amer et al, 30 students were satisfied with the dentine bonding game. They enjoyed using the game and believed that it could help them maintain interest in the topic.
However, students disagreed with the complete replacement of the face-to-face session with a game. Likewise, Hannig et al, 31 reported high rating towards the game usability from the feedback questionnaire. Samples of positive feedback reported motivation, suitable learning atmosphere, humour, feedback and incidental learning.
In addition, oral feedback from six participants suggested that the rhythm of game music supported participants to learn the motion of alginate mixing and the accompanying music enhanced the motivation of the students. Overall, learners reported they were satisfied with the game-based learning approach.
| D ISCUSS I ON
| Differences in search methods between the two stages
Types of studies included in the two stages were different. A rapid review approach gives priority to evidence from systematic reviews;
however, it can include other types of studies if systematic reviews are not available. 15 The wider review of health care included only systematic reviews over a shorter time frame, whilst the dental review comprised only empirical studies over a 41-year period because of the paucity of dental research in this field. Furthermore, the systematic reviews drew on earlier published research. For instance, the systematic review of Akl et al 22 included a study published in 1985. The second stage included only empirical studies; therefore, the searches were expanded to 41 years in order to achieve the comprehensive inclusion. In addition, whilst the second stage included only computer-based serious games, the first stage evaluated noncomputer-based and computer-based games because both types were evaluated in the included systematic reviews.
| The use of serious games in healthcare and dental education
The first part of the paper identified several systematic reviews of studies regarding the use of serious games in healthcare education, covering several subdisciplines. However, there was no metaanalysis available in this area. Also, only a few serious games used by dental students were included. Akl et al 22 included one dental educational game study, but it was a non-computer-based serious game.
Another systematic review performed by Wang et al 27 included a study of two computer-based quiz games for pathology. Quiz games are games designed to test the knowledge of the players by rewarding, 32 players who can successfully answer a question. 33 Therefore, both games were categorised as quiz games, as students were required to provide correct answers to various formats of questions (multiple choice, fill in the blank or matching) in order to proceed in the games. The games were designed for medical education, not specifically for dental education, although they could be used by both medical and dental students. Interestingly, no computer-based serious games designed specifically for dental education were included in any of the systematic reviews that were selected in Stage 1. A possible reason was that those systematic reviews focused on the use of serious games for medical or healthcare education, and the terms "dental" or "dentist*" were not included in searches in those systematic reviews. Therefore, the second stage was performed to explore the impact of computer-based serious games in dental education. Compared to medical education, the use of serious game seemed less popular in dental education. In addition, this review focused on only computer-based serious games specifically used for dental learners. Two randomised control trials of serious games for pre-clinical dentistry were identified during this review.
Although both studies were about pre-clinical topics, they were important because they focused on learners acquiring pre-requisite skills in clinical practices.
| Outcomes of serious games
Both stages of this rapid review found that the most common evaluated outcome was knowledge improvement, and serious games seemed effective for this outcome. This finding is concurrent to the study of Connolly et al, 34 which systematically reviewed the use of computer games and serious games. Our review also suggests that serious games could improve knowledge and skills of healthcare students or professionals. However, evidence supporting the effectiveness of serious games over the traditional approaches for these outcomes is not consistent. veyed medical and nursing students, respectively, and both studies reported students were interested in the use of serious games.
Therefore, serious games should be applied to healthcare education due to their ability to engage and motivate learners in an interactive environment.
Our findings indicate that engaging and entertaining aspects of serious games are important and have impact on knowledge gain. According to the "Input-Process-Outcome Game" model, 36 there is a repetition of a process, where a learner needs to make a decision and provide an input to the game. After that, feedback is provided, where learners need to reconsider their strategies or answers to finish a game task. In other words, learners can learn from their unsuccessful input. "Failure" in games is not "failure," but is a gaming process to improve users' competencies, known as the "role of failure". 4, 37 However, to achieve this process, serious games need motivation to engage users with the game. According to the included articles, both dental serious games seemed to be engaging, as presented in the results. This could support learning activities, and knowledge gain was found in both games. The provision of immediate feedback is another strength of serious games, as they provide an opportunity for learners to know the outcomes or results of their choices and decisions immediately, so they can learn and improve their strategies without a long gap between submission and feedback.
| Online learning environments within serious games
Another benefit of serious games for healthcare education is that they can create safe learning environments, where students can learn and practise their skills and knowledge. 25 In addition, students can practise repetitively within serious games without additional cost of materials. Amer et al 30 discussed that students need to perform repetitive sequential steps to have proper knowledge for performing dentine bonding. Therefore, the dentine bonding game enables students to repetitively perform the procedure without using dentine bonding materials. Although this game seems to improve only cognitive skill, it is acceptable, as Amer et al 30 suggest that high psychomotor skills are not required for this performance.
| Overcoming limitations of serious games and future action
Despite the educational value of serious games in healthcare education, there were several limitations reported in their use. Serious game development involves a large amount of resources. Cost and time are required to create serious games. 38 Serious games could be beneficial in the long term, as they could simulate learning environments, which are difficult to learn or practise in real situations due to resource and time constraints, 39 such as training for surgical operations or dental public health. Whilst healthcare learners seemed to have positive attitudes towards the use of video games in education, 13,14 faculty members might not do so, as they might have views towards the use of games to learners 1,2 ; however, there is no clear supporting argument. 40 In addition, there were surveys reporting that academic staff seemed to have positive perceptions towards the use of digital games in education.
41,42
| Limitations of this review
One of the limitations in the first stage of this review was that it gathered findings and suggestions from systematic review articles to synthesise and summarise the outcomes of serious games.
Therefore, a quantitative analysis could not be performed. Another limitation was that not many systematic reviews with high-quality methods were available. The quality of included systematic reviews for Stage 1 is considered as acceptable, as four of them were considered as high quality, whilst only two systematic reviews were assessed as low quality. Moreover, both non-computer-based and computer-based serious games were included in this rapid review.
Therefore, more systematic reviews of high quality in this field are needed. Visualisation should also be considered; a three-dimensional virtual learning environment appears to be more effective than a two-dimensional one in performance and preference of students. 43 Therefore, a systematic review including only studies of two-or three-dimensional serious games can be useful in this field.
According to the second stage, there was a limitation in a number of serious games for dental education, especially studies with an empirical study design. Regarding the quality of included studies, the average score of included article is 11.25, which is higher than the score of 10.5 in the systematic review of Wang et al 27 and the score of 9.95 in the study of Reed et al, 19 who calculated this score from 210 medical education research studies. Although the score is higher than other studies, it can be argued that it is because only RCTs were included in this stage. Therefore, there is a need of high-quality research in dental education for both pre-clinical and clinical dentistry.
| CON CLUS IONS
Evidence from this review supports the claim that serious games are as effective as other more traditional learning and teaching methods.
In addition, learners tend to be more engaged with the game format.
However, the evidence does not appear to support a complete replacement of traditional teaching approaches with serious games. Although more trials are required to compare serious games to other learning approaches, the idea of using serious games as supplemental tools to traditional learning formats should also be taken into consideration.
Further studies should focus on comparisons between impact of serious games and traditional learning approaches, and they should also investigate how to design an effective serious game as well as how to implement it in healthcare education, including dental education.
In conclusion, whilst serious games are increasingly being used in healthcare education, they have not been widely used in dental education. There is limited evidence that serious games are effective learning/training tools to improve knowledge and skills in interactive learning environments in healthcare and dental education, and evidence to support their effectiveness over traditional learning approaches is equivocal. However, there is evidence that serious games can engage students and improve learner experience. Further research in this field is recommended. 
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